. Until now, Cucumber mosaic virus, Dasheen mosaic virus (Mokrá & Gotzová 1994) , Tomato spotted wilt virus and Impatiens necrotic spot virus (Mertelík et al. 2002) has been detected in Zantedeschia spp. plants in the Czech Republic.
According to Buonaurio et al. (2002) , in Italy, bacterial soft rot of Zantedeschia spp. has been recorded by Petri in 1934 and subsequently by Mazzetti in 1951, who identified Bacterium aroidea (currently named as Erwinia carotovora subsp. carotovora) as the causal agent. Beside Italy, bacterial soft rot has also been reported in Zantedeschia spp. in the USA (Pirone 1978) , Japan (Horita 1994) , New Zealand (Wright 1998) , Lithuania (Snieskiene 1995) , the Netherlands (Snijder 2004) and Korea Republic (Cho et al. 2005) . In some countries, e.g. in New Zealand, bacterial soft rot causes substantial losses to Zantedeschia plants in the field and to tubers in storage (Wright 1998 ). It is a major factor affecting the viability of this crop (Wright et al. 2005) .
In past years, symptoms of bacterial soft rot were sporadically observed on Zantedeschia spp. in the Czech Republic, but, to the best of our knowledge, no records are available regarding of pathogen isolation and determination.
The bacterium Erwinia carotovora subsp. carotovora is regarded as the cause of bacterial soft rot of Zantedeschia species (Z. aethiopica, Z. aethiopica var. minor, Z. childsiana, Z. elliottiana) (Pirone 1978; Bradbury 1986; Cho et al. 2005) particularly in cultivars from the section Aestivae (Snijder 2004 ). In 1998, Erwinia carotovora subsp. carotovora was reclassified as Pectobacterium carotovorum subsp. carotovorum (Hauben et al. 1998) . However, at present, Pectobacterium has not been widely adopted by the Erwinia research community (Toth et al. 2003) .
Although pectolytic Pectobacterium (formerly Erwinia) species are commonly assumed to be the principal cause of the bacterial soft rot of Zantedeschia spp., the question can arise if pectolytic bacteria of other genera, i.e. Pseudomonas, Dickeya, Bacillus, Flavobacterium, Clostridium etc., are associated with soft rot of Zantedeschia spp.
The objectives of this study were: (i) to isolate and determine species and subspecies spectrum of bacteria associated with soft rot of Zantedeschia spp. in the Czech Republic; (ii) to verify the presumption that bacterial soft rot of Zantedeschia spp. is caused by more than one pathogen.
MATERIALS AND METHODS

Plant and localities.
Tuber rot symptoms were observed on different Zantedeschia spp. plants at Děčín in the North Bohemia. The calla lily plants were imported to the Czech Republic in 1990 from the Netherlands.
Isolations. Pythium spp. and Phytophthora spp. were excluded as causal agents. Therefore, the isolation of suspected bacteria was carried out on King's medium B and nutrient agar (NA), using standard isolation techniques (Schaad et al. 2001) . Pieces of wet and totally disintegrated tissue of calla tubers were placed in a droplet of sterilised water in a flamed watch glass and mechanically crushed. A loopful of macerate was streaked onto nutrient agar in Petri dishes and incubated at 26°C. Single bacterial colonies with cultural characteristics resembling that of pectobacteria or pseudomonads were re-streaked to obtain pure cultures of representative strains.
Pectolytic ability. Potato tubers were surface sterilised with alcohol, peeled aseptically and sliced into disks about 7 mm dick. These were placed in sterile Petri dishes with a sterile moistened filter paper. A very heavy cell suspension was applied into shallow pits made in the centre of potato disks, and the dishes were incubated at 28°C. The inoculated disks were examined at 24 and 48 h for soft rot probing the tissue surrounding the inoculum site with a loop to assess ability to macerate potato tuber tissue at 27°C (Bradbury 1970; Schaad et al. 2001) .
Identification of bacterial isolates. Bacterial isolates from calla tubers were identified using the Biolog Identification System GN MicroPlate system (developed by Biolog, Inc., Hayward, USA). The test yields a characteristic metabolic fingerprint. The microplates were incubated for 4 and 24 hours. Biolog's MicroLog 2 4.2 software was used to identify the bacterium from its metabolic pattern. The calculations for the identification of bacteria as to genus, species and other taxonomic units are based on similarity indices (Schaad et al. 2001) .
RESULTS
Symptoms of soft rot after natural infection
In September 2007, tuber soft rot symptoms of calla lilies (Zantedeschia spp.) were observed in the collection of calla lily plants in the private garden in the North Bohemia. The percentage of affected plants in the plot was around 10%. The foliage and flower stems attached to rotted parts of tubers quickly became yellowed and wilted. In some cases, when the greater part of tubers were decayed, the entire plant completely collapsed and rotted. At an advanced stage of disease, rotted tubers were reduced to a mushy, whitish, foulsmelling pulp (Figure 1 ). The rot began sometimes as small, water-soaked soft lesions at the place of an attachment of roots to a tuber (Figure 2 ). The symptoms occurred on mother tubers as well as on new daughter tubers of different calla lily hybrids with a yellow spathe, calla lily cv. Mango with a bright orange spathe and Zantedeschia rehmanii with a pink spathe.
Characterisation of bacteria
A total of more than 30 bacterial isolates were obtained from tubers of Zantedeschia spp. showing symptoms of soft rot. According to the appearance of the colonies on nutrient media, the isolates belong to six colony types. Seventeen isolates were tested using the Biolog system and rate of potato tuber maceration was determined using tuber disks.
The most frequent species isolated from soft rot lesions was Pseudomonas marginalis (Brown 1918) ; Stevens 1925. Among other species, Pectobacterium carotovorum subsp. carotovorum (Jones) Hauben et al. 1999 and Pseudomonas putida (Trevisan) Migula 1895 were identified. Moreover, with P. c. subsp. carotovorum, and P. putida, undetermined Gram-negative, oxidase-positive, enteric and nonenteric, non-fluorescent bacteria were isolated (Table 1) .
When inoculated into potato tuber slices, strains of P. marginalis and P. c. subsp. carotovorum produced soft rot. Pectolytic activity of P. marginalis strains was less severe than that of P. c. subsp. carotovorum strain (Table 1) .
DISCUSSION
As expected, P. c. subsp. carotovorum was isolated from tubers of Zantedeschia spp. with symptoms of soft rot. However, P. marginalis was isolated more often than P. c. subsp. carotovorum (Table 1) . In Central European climatic conditions, P. c. subsp. carotovorum is thought to be the most important soft-rot bacterium affecting wide range of host plants including Zantedeschia spp. Host specificity is not recognised among strains of P. c. subsp. carotovorum (formerly Erwinia carotovora subsp. carotovora) (Pérombelon & Kelman 1980) .
There have been three levels of aggressiveness (Smith & Bartz 1990 ) (quantity of host tissue rot- ted) among 45 strains of soft-rot bacteria reported. A strain P. c. subsp. carotovorum obtained from calla lily was in the most aggressive group, whereas the type strain of the P. c. subsp. carotovorum isolated from carrot was typical of strains in the least aggressive group. According to Smith and Bartz (1990) , strains isolated from a particular host were not always more aggressive than those recovered from other plants when inoculated to that host. Thus, certain strains of P. c. subsp. carotovorum may exhibit a host specificity that is not related to their original host or to their relative aggressiveness in common hosts (such as potato tuber or tomato fruit). Smith and Bartz (1990) suggested that plant reaction groups can be set up for strains of P. c. subsp. carotovorum, just as it has been done for those of Pectobacterium chrysanthemi.
A prominent feature of bacteria soft rot is due to bacterial extracellular pectolytic enzymes such as pectin methylesterase, pectin lyase, polygalacturonase, and pectate lyase. Pectolytic enzymes breakdown pectic substances which are effective as intercellular cement in plant tissues. Development of soft rot usually involves conditions (such as high temperature and humidity, free water, low oxygen concentration, wounding of the host protective tissue, etc.) which are favourable for these pathogen(s) and unfavourable to the host plant (Pérombelon 1982; Liao 1991) . The soft rot pectobacteria (erwiniae) are now entering the genomics era, and we will soon have catalogued the genes that these organisms possess (Toth et al. 2003) .
Our results confirm the suggestion that bacterial soft rot of Zantedeschia spp. could be polyaetiological in nature. A number of species can cause the same symptoms and may be present in diseased tissues at the same time (Pérombelon 1982; Kennedy & Lacy 1982) . Therefore, our finding of joint occurrence of P. c. subsp. carotovorum in soft-rotted Zantedeschia tuber tissues with P. marginalis is not totally unexpected. However, we can regard our finding as unusual. In temperate climates, symptom development following infection by soft rot bacteria is allegedly associated with erwinias (pectobacteria) and rarely with species of other genera (Pérombelon 1982) .
Temperature is the main factor affecting the relative virulence of soft rot bacteria and its level may determine which organism predominates in a lesion. Optimal growth temperature for P. c. subsp. carotovorum is ca. 28°C and for P. marginalis 25-26°C. However, the differential effect of temperature on the relative virulence of soft rot bacteria is influenced not only by the effect of temperature on the in vitro growth rate of the specific bacterium but also on the level of production of various pectic GN-ENT = Gram-negative ENTeric; GN-NENT = Gram-negative Non-ENTeric; OXI+ = oxidase-positive At 16-24 hours of incubation, the similarity index must be at least 0.50 to be considered an acceptable species identification % probability allows to compare identifications to other systems that use this type of calculation +++ high pectolytic activity (tissue maceration has extended from the site of inoculation trough all potato disk; + weak pectolytic activity (tissue maceration has extended 5 to 20 mm from the site of inoculation); -no pectolytic activity enzymes (Pérombelon 1982) . P. marginalis and P. c. subsp. carotovorum exhibit differences in their relation to oxygen tension. P. marginalis can grow aerobically while P. carotovorum subsp. carotovorum is a facultative anaerobic organism also capable of growing anaerobically. Pectolytic fluorescent pseudomonads have been isolated from soil, the rhizospheres of several plant species, and decaying plant material. Several soft rot diseases of vegetables have been attributed to strains of these bacteria, which frequently were classified as Pseudomonas marginalis or P. fluorescens. P. marginalis has not been thoroughly studied and its ability to macerate potato tissue, at present, serves as the principal character separating it from other groups in P. fluorescens and P. putida tribes (Sands & Hankin 1975; Cuppels & Kelman 1980) . However, the studies of Liao (1991) suggest that some strains of fluorescent pseudomonads which exhibit a nonpectolytic phenotype under one set of conditions may become pectolytic under others.
The taxonomic and phytopathogenic status of Pseudomonas marginalis is not well known. Originally this species was restricted to one distinct pathogen, the causal agent of marginal necrosis of leaves of lettuce (Brown 1918 ) and a few other plants. A list of pathovar names of phytopathogenic bacteria from 1980 (Dye et al. 1980 ) encompass three pathovars of P. marginalis species including: pv. alfalfae that causes browning of roots and stunting of lucerne; pv. marginalis that has been reported to occur naturally on a wide range of host plans (but Zantendeschia spp. in not among them); pv. pastinacae that attacks Pastinaca sativa in natural conditions (however, this pathovar is probably synonymous with pv. marginalis) (Bradbury 1986) .
The very complex group of fluorescent, oxidase positive soft rot Pseudomonas bacteria are opportunistic plant pathogens. They have been found to be biochemically indistinguishable from saprophytic pseudomonads such as P. fluorescent biovars, P. putida and P. chlororaphis (now includes P. aureofaciens). On the basis of their ability to hydrolyze pectin and to cause soft rot, they have been named P. marginalis. Recently, based on 16S rRNA analysis, P. marginalis has been placed in the P. fluorescens group (Anzai et al. 2000) .
According to Snijder and van Tuyl (2002) , the disease can be partly controlled by cultural measures. A combination of cultural methods with resistant plant material is regarded as a promising strategy for control of soft rot. Nevertheless, in the Czech Republic, the economic importance of bacterial soft rot of Zantedeschia spp. is probably minimal, because this ornamental plant is grown on a small scale and the occurrence of the disease is only sporadic.
